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Background: It has been proposed by Zamboni and colleagues that multiple sclerosis is caused by chronic cerebrospinal venous insufficiency, a term used to describe ultrasound-detectable abnormalities in the anatomy and flow of intra-and extracerebral veins. We conducted a meta-analysis of studies that reported the frequency of chronic cerebro spinal venous insufficiency among patients with and those without multiple sclerosis.
Methods:
We searched MEDLINE and EMBASE as well as bibliographies of relevant articles for eligible studies. We included studies if they used ultrasound to diagnose chronic cerebrospinal venous insufficiency and compared the frequency of the venous abnormalities among patients with and those without multiple sclerosis.
Results:
We identified eight eligible studies: all included healthy controls, and four of them also included a control group of patients with neurologic diseases other than multiple sclerosis. Chronic cerebrospinal venous insufficiency was more frequent among patients with multiple sclerosis than among the healthy controls (odds ratio [OR] 13.5, 95% confidence interval [CI] 2.6-71.4), but there was extensive unexplained heterogeneity among the studies. The association remained significant in the most conservative sensitivity analysis (OR 3.7, 95% CI 1.2-11.0), in which we re moved the initial study by Zamboni and colleagues and added a study that did not find chronic cerebrospinal venous insufficiency in any patient. Although chronic cerebrospinal venous insufficiency was also more frequent among patients with multiple sclerosis than among controls with other neurologic diseases (OR 32.5, 95% CI 0.6-1775.7), the association was not statistically significant, the 95% CI was wide, and the OR was less extreme after removal of the study by Zamboni and colleagues (OR 3.5, 95% 0.8-15.8).
without multiple sclerosis. We performed a systematic review and meta-analysis of all peer-reviewed reports of studies that compared the frequency of chronic cerebrospinal venous insufficiency among patients with and those without multiple sclerosis.
Methods
Literature search
We searched the MEDLINE and EMBASE electronic databases for articles reporting the frequency of chronic cerebrospinal venous insufficiency among patients with and those without multiple sclerosis published from 2005 to June 28, 2011. No language restrictions were imposed. The search was done as part of a larger systematic review of all methods of evaluating the cerebral and azygos veins in patients with multiple sclerosis. The detailed search strategy, carried out by an information scientist (L.P.), is shown in Appendix 1 (available at www .cmaj .ca /lookup /suppl /doi:10.1503 /cmaj .111074 /-/DC1). We examined reference lists of all articles that met the eligibility criteria and of review articles to identify studies that may have been missed by the database searches. We also contacted experts to verify that no relevant studies were omitted.
Study selection
Studies were eligible if they met all of the following criteria: they reported original data in a peerreviewed publication; they used Doppler ultrasonography to detect chronic cerebrospinal venous insufficiency; and they assessed patients who had multiple sclerosis and had at least one control group (healthy controls or patients with neurologic diseases other than multiple sclerosis).
The titles and abstracts of all studies identified were screened independently by two of us (A.L. and S.S.). Studies that appeared to be relevant were selected and the full-text versions assessed independently by the same two reviewers. Disagreements were re solved by consensus or involvement of a third reviewer (A.D.).
Data extraction and analysis
Two reviewers independently extracted data about the study characteristics, the methodologic quality of the studies (assessed using items derived from the Newcastle-Ottawa Quality Assessment Scale tool for observational studies 8 ), patient characteristics and ultrasound results. Disagreements were resolved by consensus.
We used the Cochrane Review Manager 5.1, version 5.1.2, to generate odds ratios and forest plots, to determine whether there was a statistical association between chronic cerebrospinal venous insufficiency and multiple sclerosis (using a random-effects model) and to assess heterogeneity of the studies. 9 Heterogeneity was quantified using the I 2 statistic. To test the robustness of the main results, we conducted sensitivity analyses, which included the removal of the initial study by Zamboni and colleagues 4 and the addition of a study by Doepp and colleagues 10 that did not find chronic cerebrospinal venous insufficiency in any patient.
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Results
Identification of eligible studies
Of the 471 records found initially, we identified 10 studies that used Doppler ultrasonography and met our inclusion criteria (Figure 1 ). Of Full-text articles assessed for eligibility n = 27
Total articles identified n = 471
Excluded n = 2
• Duplicate report n = 1
• Overlapping report n = 1
Studies included in analysis n = 8
Potentially eligible studies n = 10 three studies from Zamboni's group, 3-5 two described the same patients and reported the same results, 3, 5 and two appeared to describe overlapping patients 3, 4 but did not report dates of enrolment. We included what appeared to be the most recent study by Zamboni and colleagues with the largest number of patients 4 and excluded the other two studies. Thus, eight studies were included in the meta-analysis. 4, [10] [11] [12] [13] [14] [15] [16] 
Study characteristics
The studies were conducted in Italy (n = 3), Germany (n = 3), Jordan (n = 1) and the United States (n = 1). Most enrolled a small number of patients with multiple sclerosis (range 10-310) and controls (range 7-210) (Tables 1, 2 and 3). All eight studies included healthy controls, and four also included controls with neurologic diseases other than multiple sclerosis. All studies except that by Centonze and coworkers 13 de scribed their assessment of the five ultrasound parameters for chronic cerebrospinal venous insufficiency as well as the ultimate diagnosis of the condition. Both Zamboni and colleagues 4 and Krogias and coworkers 14 included healthy individuals and pa tients with neurologic diseases other than multiple sclerosis as controls, but they did not report the results for these two groups separately. No controls in either of these studies had chronic cerebro spinal venous insufficiency. However, for the analysis of the individual ultrasound parameters, if one or more controls in the study by Zamboni and colleagues fulfilled the criteria for a parameter, we considered all of the controls to be healthy controls in the analysis of that parameter because 75% of their controls were healthy controls. Similarly, if one or more of the controls in the study by Krogias and coworkers fulfilled the criteria for a parameter, we considered all of the controls to be patients with other neurologic diseases in the analysis of that parameter because 71% of their controls had such diseases.
Most of the studies did not describe clearly how pa tients were identified for enrolment and appeared to enrol a convenience sample (Table 4) . Three studies were not blinded ( Table 1 ). The method of blinding of the ultrasound technician and the interpreter of the images was poorly described in two studies, 4,12 reasonably welldescribed in two others 13, 16 and well-described in one study. 15 However, the success of blinding was not reported by any study.
Although one study described the ultrasound technique used in great detail, 16 the training of ultrasonographers and radiologists in assessing this relatively novel entity, and in ensuring quality control, was generally poorly described ( Table 4) . Two of the studies indicated that their ultrasonographers were trained by Zamboni's group. 13, 16 No study described a run-in period during which intra-and interobserver reliability was determined to be good, although one study described intraobserver variability. 16 Most of the patients with multiple sclerosis had relapsing-remitting disease; those in the study by Baracchini and colleagues 12 had clinically isolated syndrome ( Table 2 ). Most patients were taking disease-modifying agents. The mean age, proportion of women and mean Expanded Disability Status Scale scores (range 1.5-5.8) were typical of patients with clinically isolated syndrome and multiple sclerosis ( Table 2) .
Frequency of chronic cerebrospinal venous insufficiency
The diagnosis of chronic cerebrospinal venous insufficiency requires that a patient have an abnormality in at least two of the following five ultrasound parameters: 3, 4 (1) reflux in the internal jugular veins or vertebral veins for more than 0.88 seconds, assessed in the supine and sitting position without use of the Valsalva manoeuvre;
(2) reversal of flow in at least one of the deep cerebral veins; (3) stenoses of the internal jugular vein identified on high-resolution B-mode imaging; (4) Figure 2 displays the results of the metaanalyses of data on the frequency of chronic cerebrospinal venous insufficiency among patients with multiple sclerosis compared with healthy controls and with controls who had a neurologic disease other than multiple sclerosis.
In the comparisons with healthy controls, the frequency of chronic cerebrospinal venous insufficiency among patients with multiple sclerosis varied markedly, from none 10,15 to 100% 4 ( Figure 2 ). The association between chronic cerebro spinal venous insufficiency and multiple sclerosis also varied markedly, from an odds ratio (OR) of 0.32 (95% CI 0.01-8.3) to an OR of 58 035.0 (95% CI 1142.2-2 948 755.8). The pooled analysis revealed a statistically significant association between chronic cerebrospinal venous insufficiency and multiple sclerosis, as compared with healthy controls (OR 13.5, 95% CI 2.6-71.4); however, there was extensive heterogeneity among study results (I 2 = 89%). In terms of the five individual parameters, patients with multiple sclerosis had significantly higher odds than healthy controls of having reflux in the internal jugular or vertebral veins (OR 13.7, 95% CI 2.0-93.8), although there was extensive heterogeneity among study results (I 2 = 85%). The other parameters were also more frequent among patients with multiple sclerosis than among healthy controls, but these trends did not reach statistical significance (Figure 3) .
In the comparisons with controls who had other neurologic diseases, chronic cerebrospinal venous insufficiency was more frequent among patients with multiple sclerosis (Figure 2 ), but the association was not statistically significant (OR 32.5, 95% CI 0.59-1775.7) and heterogeneity among the study results was large (I 2 = 90%). Again, the only individual ultrasound parameter that was significantly more frequent among patients with multiple sclerosis than among controls with other neurologic diseases was reflux in the internal jugular or vertebral veins (OR 6.7, 95% CI 1.3-34.8; I 2 = 73%) (Figure 4 ).
Sensitivity analyses
Because Zamboni and colleagues were the first to describe chronic cerebrospinal venous insufficiency (and therefore their study could be considered hypothesis-generating) and because the OR found in their study was extremely high, 4 we re peated the meta-analysis with their study removed. The odds of chronic cerebrospinal venous insufficiency being more frequent among patients with multiple sclerosis than among healthy controls decreased from an OR of 13.5 to 4.7 (95% 1.5-14.6), but the association remained statistically significant with considerable heterogeneity (I 2 = 73%) (Figure A in Appendix 2, available at www.cmaj.ca /lookup /suppl /doi: 10.1503 /cmaj.111074/-/DC1).
When we repeated the meta-analysis after changing zero to one in each cell for the study by Doepp and colleagues, in which none of the patients with multiple sclerosis or healthy controls had chronic cerebrospinal venous insufficiency, the results were similar to those of the primary analysis (OR 8. Note: MS = multiple sclerosis. *Methodologic quality was assessed using items derived from the Newcastle-Ottawa Quality Assessment Scale tool for observational studies.
In the next sensitivity analysis, we removed the study by Zamboni and colleagues and changed zero to one in each cell for the study by Doepp and colleagues, thus providing the most conservative estimation of the odds of chronic cerebrospinal venous insufficiency in patients with multiple sclerosis versus healthy controls. This analysis yielded a substantially weaker but still statistically significant association compared with the primary analysis (OR 3.7, 95% CI 1.2-11.0; I 2 = 72%) ( Figure C in Appendix 2). The exclusion of studies that were reported as not blinded 10, 11, 14 produced similar results to the primary analysis comparing patients with multiple sclerosis and healthy controls (OR 11.4, 95% CI 1.8-73.2; I 2 = 91%) ( Figure D in Appendix 2). When we removed the study by Zamboni and colleagues from the meta-analysis comparing patients with multiple sclerosis and those with other neurologic diseases, the association was greatly weakened (OR 3.5, 95% CI 0.8-15.8) and heterogeneity was reduced (I 2 = 37%) (Figure E in Appendix 2).
When we assumed that all patients in the study by Zivadinov and colleagues 16 (in whom ultrasound parameter two [reversal of flow in at least one of the deep cerebral veins] could not be assessed) were negative for that parameter, or when we removed patients with clinically isolated syndrome from the multiple sclerosis group, there was no material effect on the results.
Interpretation
We found a strong and statistically significant association between chronic cerebrospinal venous insufficiency and multiple sclerosis. However, the large amount of heterogeneity among the study results prevents a definitive conclusion. The source of the heterogeneity is not clear. It is not obviously caused by differences in the definition of chronic cerebrospinal venous insufficiency, patient characteristics or the methodologic quality of the studies.
We also could not identify any factor that accounted for the large and problematic difference between the studies in the frequency of chronic cerebrospinal venous insufficiency among patients with multiple sclerosis. Although small samples may be partly responsible, the magnitude of the difference strongly suggests that other factors are important. One obvious possibility is differences in ultrasound technique. It is crucial that ultrasonographers agree upon the technique to be used to diagnose chronic cerebrospinal venous insufficiency, and on a method to ensure quality control. Baracchini et al. 12 Krogias et al. 14 Zamboni et al. 4 Zivadinov et al. 16 Overall Heterogeneity: I² = 90% 
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Al-Omari et al. 11 Baracchini et al. 12 Doepp et al. 10 Krogias et al. 14 Mayer et al. 15 Zamboni et al. 4 Zivadinov et al. 16 Overall Reflux in the deep cerebral veins is the most technically challenging of the ultrasound parameters to identify. One study was unable to assess it at all, 11 and another was unable to assess it in 28% of patients. 16 Another study, which we excluded from our systematic review be cause it did not have a control group of people without multiple sclerosis, was also unable to evaluate the deep cerebral veins. 17 This questions the appropriateness of having a diagnostic parameter that is difficult to assess and emphasizes the importance of training ultrasonographers in how to assess the deep cerebral veins.
Because ultrasonography is so operatordependent, the lack of blinding in three studies, and the lack of a description of how well blinding was achieved in all of the other studies, is of concern. Future studies should report the mechanism and success of blinding in detail. The intra-and interobserver variability of the diagnosis of chronic cerebrospinal venous insufficiency also needs assessment. Zivadinov and 12 Krogias et al. 14 Zamboni et al. 4 Zivadinov et al. 16 Overall Heterogeneity: I² = 73% 
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Baracchini et al. 12 Krogias et al. 16 Zivadinov et al. 15 Overall Heterogeneity: I² = 0% colleagues assessed the intrarater reliability of the diagnosis of the condition in 28 patients (11 with multiple sclerosis) one week apart and found an agreement of 89% and a kappa value of 0.75. 16 The diagnosis differed between raters in 11% (3/28) of patients. Another paper about reproducibility did not provide data in a manner allowing interpretation similar to the above. 18 More studies of the reproducibility of the assessment of chronic cerebrospinal venous insufficiency are needed.
An association between chronic cerebrospinal venous insufficiency and multiple sclerosis does not mean that the condition causes multiple sclerosis. Indeed, some observations, including a subgroup analysis of the methodologically sound study by Zivadinov and colleagues, 16 suggest that chronic cerebrospinal venous insufficiency may be a consequence of multiple sclerosis. In the study by Zivadinov and colleagues, the frequency of chronic cerebrospinal venous insufficiency was roughly inversely correlated to the duration of multiple sclerosis: 38% (8/21) among patients with clinically isolated syndrome, 49% (94/191) among those with relapsing-remitting multiple sclerosis and 73% (58/80) among those with secondary progressive multiple sclerosis. Another study, which used angiography in 42 patients with multiple sclerosis, found stenosis of the jugular or azygos vein in 9% (1/11) of patients with clinically isolated syndrome, 33% (6/18) of those with early relapsing-remitting multiple sclerosis and 89% (12/13) of those with late multiple sclerosis (average duration 14 years). 19 These observations are not definitive, and further research examining the link between chronic cerebrospinal venous insufficiency and duration of multiple sclerosis is needed.
Limitations
Only eight studies were eligible for our review, and many of them were small. Three studies were not blinded, and none of the others reported the success of blinding. The description of the ultrasound technique was limited in some studies, so it is unclear whether the techniques differed across the studies. As with most systematic reviews, there is the potential for publication bias. However, the question about whether chronic cerebrospinal venous insufficiency is associated with multiple sclerosis is so controversial that we feel positive and negative studies are both likely to be published. Finally, we did not have access to individual patient data and therefore were unable to explore whether the frequency of chronic cerebrospinal venous insufficiency was affected by individual factors such as age, sex and type of multiple sclerosis.
Conclusion
We found a strong association be tween chronic cerebrospinal venous insufficiency and multiple sclerosis. However, poor reporting of the success of blinding and marked heterogeneity among the studies included in our review precluded definitive conclusions. Further high-quality studies, using identical ultrasound protocols, are needed to definitively determine whether chronic cerebrospinal venous insufficiency is more frequent among patients with multiple sclerosis than among those without it. Our meta-analysis will need to be updated as the results of future studies become available.
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